Abstract: Supportability for a user is the ability of the manufacturer to execute all the support activities that are required for the upkeep of the system, in the most effective, efficient and timely manner throughout the operating life of the product, whenever and wherever needed. In this work, the various issues of supportability of mechanical systems have been studied. The case study is conducted on a compressor manufacturer (Burckhardt), which provides support to their end products that are installed at compressed natural gas stations in National Capital Region (NCR). Both the Burckhardt and its customer have aggressive plans of expanding their operations to new locations in future. As a first step, it is necessary to have a mechanism to generate and evaluate various contract alternatives (CAs) with an objective of minimising the costs incurred to various players in the contract and at the same time, ensuring the minimum service level performance of the system. The methodology presented in this paper will be helpful to Burckhardt and/or any original equipment manufacturer in general, for selecting supportability-based CAs. This study will also be helpful to researchers, engineers, maintenance professionals and other persons concerned, to understand the issues involved in supportability-based CAs.
Introduction
In today's competitive and fast-paced global markets, the traditional business function (production, marketing, etc.) cannot endure. The original equipment manufacturer (OEM) starts providing value addition to its products. Support is recognised as a promising solution. The support enhances the customer satisfaction (Athaide et al., 1996) , raises the revenue (Berg and Loeb, 1990) , is helpful in competitive environment (Hull and Cox, 1994) and provides success to the product (Cooper and Kleinschmidt, 1993) . The dimension of support has been successfully implemented by various industries such as IBM (Bauer et al., 1992) , Microsoft (Dubashi, 1992) , electronic and computing (Hull and Cox, 1994) , telecommunication, automotive, aero and domestic industries (Goffin, 1999) .
The support includes various form of assistance that the company offers to gain the maximum benefit of their products. It consists of different elements such as installation, commissioning, documentation, user training, maintenance, warranty, upgrades, etc. Operations and maintenance (O&M) is an important dimension and is accountable for keeping equipment fit, safe to operate and well configured to perform its intended function during operating life of the systems. However, due to certain limitations (such as cost, technology, manufacturing, etc.), it is difficult to design a system which is effective, efficient and required no support. Therefore, the role of support can perceived as the process that compensates the deficiencies in the design (reliability and maintainability) of the system. Thus, for an industry to become competitive, it is necessary to deliver systems with documented support. Consequently, OEM should have capability (called supportability) to fulfil their customers' requirement. Knezevic (1993) defined supportability as, 'a scientific discipline which studies the processes, activities and factors related to the support of a product with required resources for the execution of specified operation and maintenance tasks, and works out methods for their quantification, assessment, prediction and improvement'. Further, supportability is defined as 'the ability of the OEM to executes all the required activities for the upkeep of systems in the most effective, efficient and timely manner throughout the operating life of the system, whenever and wherever needed'.
OEMs are capable of providing a support to the system, but due to constraints (such as time, business, location, etc.), however, the OEM can in turn enter into an outsourcing of support with a third party (TP) support provider. It is also possible that at any time, the customer may want to participate in providing the support in-conjunction with OEM. The customer wants to get involved in support so as to retain some in-house control, to reduce the OEM dependency, to reduce the expenditure, etc. At any operating stage, the support can be provided by a single and/or combinations of players (customer, OEM and TP). Based on the player combinations, the various scenarios can be formulate.
The different scenarios are based on the player's capabilities (supportability) and their mutual agreement, on the basis of which the work is distributed among them. Thus, the OEM, TP and customer may have business relationship throughout the operating life of the system. The business relationships will be formalised through contract, which depends upon capabilities of support providers. The contract becomes the basis of distributing the work and responsibility among the players. The contract is dependent on the player's combination and is based on supportability scenarios (SSs). Thus, the various contract alternatives (CAs) may be synthesised on the basis of SS, type and period of support. The contracts are as per the agreement for ensuring minimum customer's requirements (availability, overall equipment effectiveness, etc.), and in case, if the support provider fails to meet the prerequisite requirements, a penalty may be charged by the end user. The imposed penalty affects the business and makes them cautious for timely execution of their responsibilities. So there is a need to balance the support activity, responsibility, profit, penalty, etc. among the players, as per the SSs through CA.
The supportability-based CA can be seen as a way of providing the support to the system, as it reduces the OEM/customer responsibility. The concept of providing support through CAs forms the basis of this study. The main purpose of this paper is to develop generic CAs that may be applicable for providing support to any industrial product such as mechanical systems, etc. The research is restricted to the formulation of CAs based on the SSs. This paper is organised as follows: The preliminary concept is first presented. An overview of literature is presented in Section 2. Section 3 presents the framework that will be helpful in resolving the emerging issues of support and supportability. Section 4 presents a stepwise methodology to apply the concept. Section 5 presents the case. Findings from the case study have been presented in Section 6 and conclusions in Section 7.
Literature review
The concept of support has been addressed in the literature from various aspects, viz. installation, commissioning, documentation, training, maintenance, service, logistics, warranty and equipment upgrading (Blanchard and Fabrycky, 1998; Goffin, 1999; Wilson et al., 1999) . Support entails all activities 'to ensure that a product is available for failure free operating period during its useful lifespan' (Loomba, 1998) . It may be a help provided to the end users with the aim of maximising the benefits obtained from trouble free operation of their product (Markeset and Kumar, 2003a; Mathieu, 2001) . Different researcher have highlighted the support in various ways such as tangible or intangible (Markeset and Kumar, 2003b) , planned or unplanned (Markeset and Kumar, 2003b) , hard or soft (Markeset and Kumar, 2004) , after sales services or simply service (Armistead and Clark, 1992) and can be for a product or customer (Goffin, 1999) . When analysed over a time period, support can be classified into three groups: before, during and after the sales. Before and during sales, the support includes advertisement, documentation, training, etc., whereas after sales support includes maintenance, online help, spare parts provisioning, etc. .
The objective of support is not only to ensure the promised level of system performance (Patton and Bleuel, 2000) , but also establishing a profitable environment for product-accompanying services (Lanza and Ruhl, 2009 ). Product support is important for companies, especially when the system is complex, fails regularly or has high breakdown cost (Goffin, 1999) . It has been an inseparable part of customer relationship, independent of the industry and product type. Hull and Cox (1994) have studied how field services are used as support in electronics industry. Markeset and Kumar (2004) have determined issues related to the dimensioning of product support for advanced industrial products, with a focus on investigating engineering factors that influence product support revenues. Knecht et al. (1993) , in their study, have studied how product characteristics like reliability have been a strong influence on customer support revenues. The support consists of various elements, which may depend upon the type of industry, as well the kind of product and customer. For example, a telecommunication company requires installation, documentation, fast problem resolution and upgradation, whereas the auto industry requires dealer training (service), spare parts and warranty (Goffin, 1999) . However, the generic support elements may consist all of them, which can be applicable for customers as well the product requirements. For example, maintenance may be a support element for mechanical systems, which sustains the system performance. If equipments fail frequently, appropriate maintenance is essential because down-time costs run typically, anywhere from 100 to 10,000 times the price of spare parts or service (Knecht et al., 1993) .
In capital-intensive industries, the production facility owners are increasingly becoming dependent on the service providers for various O&M activities (Kumar and Markeset, 2007) . Fink et al. (2007) suggested that the service provider should develop improve products and services, as well capacities and capabilities to improve the system performance. Increased support options that are available for a product are key determinants in users' product purchased decision (Lele and Sheth, 1987) . Thus, OEMs make provisions for support either by offering it directly, or through their own network of service centers; channel intermediaries, authorised independent TP service centres or by combination of these and through contracts (Loomba, 1998) . Various types of engineering contracts and governing mechanism are used in industries (Dhillon, 2002; Betty, 1993) . According to Schuman and Brent (2005) , maintenance contracts suited both for the service providers and the facility owners are the most desirable.
Contracts can also serve as a source of revenue, essential for achieving customer satisfaction and provide competitive advantages to the equipment manufacturer. Murthy and Asgharizadeh (1999) studied maintenance contract between manufacturers and contractors, with the objective of maximising the contractor's profit. The authors extended their work by considering single contractor and multiple homogenous manufacturers with the same objective (Asgharizadeh and Murthy, 2000) . Contract is therefore a way of supporting the system requirements (support) and its structure, depending on what kind of support the customer requires from the support provider.
To get maximum profit from the support/services, the support provider must optimise the support capabilities in terms of available expertise, support equipment and operations and maintenance strategies to reduce the cost (Markeset and Kumar, 2005) . From the end user's perspective, the objective should be to minimise the cost by taking the responsibility functions for which these are capable.
The following important observations have been derived from the literature review.
1 support options available for a product affect the OEM business 2 approaches that aim at capturing product's supportability attributes for operations and maintenance are limited. Moreover, most of these approaches involve a high level of subjectivity 3 integration of different players (OEM, TP and customer) who are required for providing the support to the systems, with the help of supportability-based contracts is conspicuously non-existent and hence presents a good scope for further research 4 although there is a vast amount of literature that has been reported on supportability, support, operation and maintenance support, contracts models and their applications, yet there seems to be a large gap in their integrated applications.
One of the drawbacks of existing literature is the lack of methodology and models (mathematical, conceptual, etc.) which can be applied to provide a support through contracts.
3 Theoretical framework for synthesising the contract alternatives OEM starts providing assistance to their product to get the maximum benefits from them. The support is required in the operational phase of the product life to operate and maintain their functionality. Support depends upon the type of operation and maintenance activities (operations, inspection-based repair (IR), corrective maintenance (CM), preventive maintenance (PM), yearly overhauls (OH), etc.) that are required for smooth running of the systems and their corresponding resources (operators, spares, manpower, etc.) . O&M is one of the supportability aspects that are pertinent throughout the operating life of the system. To be specific, O&M is responsible for keeping the equipment available for production, i.e. well configured to execute its intended functions. Effective O&M is cost intensive, as it requires operators, material, equipment, etc. and to be available in desired numbers and without delay. However, the excess of these resources also affects the support as they incurred cost, so there should be a balance in between the activities and resources through the planned actions.
The mechanical systems are often supported by OEM and customer, through a contract. In most contracts between the customers and the OEMs, the customer does not object to the involvement of a TP support provider as long as the contract is executed by the OEM along with the responsibility of meeting the end user's expectations. From the view point of OEMs, it makes sense to execute the contract exclusively by them, only if the end user is located closer and the work load involved can be handled effectively. On the other hand, the customers want to involve in the contract, as they need some in-house control which reduces the OEMs dependency, cost, etc. Depending upon the involvement of OEM, customer and TP, the various SSs may be formulated as given in Table 1 . The formulation of SSs depends upon the mutual agreement between the OEM, customer and TP. Scenario SS1 results when the OEM takes the full responsibility as customer and TP does not want to participate in providing the support. Scenario SS4 results when all players may agree for providing the support. Thus, formulation and application of SSs depend upon the player involvement and this may vary from time to time.
The O&M support is dependent upon the SS. It is thus essential to select one of the scenarios and distribute the work accordingly. The selection of scenario may also be time based. SS1 may be pertinent during warranty (DW) period, whereas SS3 can be significant for extended warranty (EW) and SS4 for the rest operating life of the system. However, their selection is purely based on the player capabilities, expertise and their choices. Thus, O&M support is to be appropriately provided by the OEM, TP and customer, through a contract based on SS. The operation and maintenance action can be distinguished into numerous aspects according to the need and desire. In this study, the terminologies that are used for O&M action are defined as in Table 2 .
Operation is the series of functions and tasks that operate the system to get output from it. IR includes all the actions that are applied to upkeep the system performance (such as oiling, greasing, lubrication, adjustment, cleaning, etc.). PM includes all the planned action that not only reduces the chance of failure, but also enhances the performance, through replacement of component before failure. CM consists of all the necessary actions that are required to reinstate the equipment after a breakdown (for e.g. replacement of failed component). The OHs renovate the system, which includes complete disassembly of the items; inspect to detect damaged parts, repair or replace of such parts and reassembly of the system. The spares requirement depends upon the maintenance action, which is carried out during a particular course of time, and with the required system reliability. The whole maintenance action depends upon the resources (i.e. mainly on spares), there may be a case when customers carry out all action, for which they require spares to maintain the system. Therefore, inventory is also a kind of support that is required to carry out the support activity. The penalty clause is always associated with contract, as it is a way of encouraging a contractor to meet the desired objectives. The penalty distribution is also decided when contracts are synthesised, and hence penalty is one of the contract dimension. The support activities that are required DW may or may not be applicable for post-warranty. Thus, time is the factor that affects the support requirement, as PM are more during the initial stage (i.e. DW) as compared to useful life of system (after warranty (AW)). Based on the above discussion, support activity and period are classified into different groups as described in Table 2 . From Table 2 , the various combinations are made, that will be helpful in the formulation of CAs.
The importance of various SSs, support activities (O, IR, PM, CM, OHs, inventory), support period and penalty are described earlier, on the basis of which different contracts alternatives are synthesised.
The SS is SS1 and the contract could be for corrective and preventive repairs of the entire system during the warranty period but may be restricted only to a few critical assemblies during the post-warranty period. While, in another case, the contract could be only for the yearly OHs, and the SS may be the SS3. Similarly, a number of different contracts alternatives can also be synthesised on the basis of different SS, types of support, period of support and penalty. Table 3 presents the different CAs based on the distribution of support activity among the players.
A detail description of one of the CA, i.e. CA.4 (CA) as mentioned in Table 3 , is presented with the help of Figure 1 . CA.4 is a particular case of contract, with work distribution (support activities) between players DW period, where third SS is applied for providing a support to the systems. The OEM stores the spares of their systems, which reduces the chance of duplicity and control the production of spares. The TP carried out IR, CM, PM and OHs whereas operating of the system is carried out by the customer. Thus, the customer has to pay cost for getting all the maintenance support except operating cost, which is the condition of this contract. The various CAs can be synthesised depending upon the SS, type and period of support, etc. The contracts are as per the agreement for ensuring minimum customer's requirements (such as availability, overall equipment effectiveness, etc.) and in case the support provider fails to meet the requirements, a penalty may be charged by the customer. The imposed penalty affects the business and makes them cautious for timely execution of their responsibilities. Thus, penalty is a part of contract, and that must be decided at the time of formulation. The contracts are synthesised on the basis of above presented methodology. Initially, the contract can be applicable for a certain period of time, after which the contract may be reviewed. The appraisal for further contract depends upon the support quality. If the support quality is below to a certain limit, then the contract cannot work further and hence terminated, after which either the contract or SS can be reviewed. If the imposed penalty is high, then contractors can reduce their liability. The availability is the criteria of imposing the penalty whereas support quality is a condition for extending further contract. So in both cases the contracts need to be reviewed on the basis of SS.
Similarly, different CA may be applicable either from same or different SSs, subjected to system availability and support quality. Thus an optimum CA is required which is acceptable for all the players, as support activity is linked with the cost paid by the customer as well profit generated by the OEM and TP. Thus there is a need to balance the support activity, responsibility, profit, penalty, etc. among the players as per the SSs through CA. 
Research methodology
The objective of SS-based CA is to provide an effective support to the system. The involvement of different players leads to the formulation of CAs which depend upon their capability, expertise, etc. This can be summarised as follows:
Step 1: Identify the support player
The OEM has to decide the involvement of TP as well as it is also to be decided by the customer that whether they want to involve in it or not. So, depending upon the situation, all the player has to decide that whether they involve in providing a support or not.
Step 2: Formulate the different SSs
On the basis of player's involvement, the different SSs can be formulated. Thus, change in the involved player leads to change in SS. A possible number of SSs can be formulated when different players are involved.
Step 3: Determine the support activity
The support requirement may differ from time to time, customer to customer, system to system and therefore it is necessary to identify the support requirement for a particular stage. The support is applied through its various activities, to identify the support activity according to needs. The generic support activity that can be applicable during the operating stage of mechanical system, as given in Table 2 ; however, all or some of them are selected on the basis of system requirements and customers demand.
Step 4: Decide the support period As described earlier, the support is time dependent and thus it can vary from time to time. The number of preventive actions may be more during the initial operating stage (i.e. warranty period) whereas the more number of corrective actions (i.e. AW) are required at decline stage. The support period can be categorised into warranty, EW and AW period. Thus, support period identification is an important aspect for providing a support.
Step 5: Distribution of penalty As the support is provided through contract, penalty clause is associated with contract, to monitor the contractor performance. Consequently, the imposing and/or distributing of penalty in contract must be decided at the time of contract formulation.
Step 6: Synthesise the different contract alternative
The SS, support activity, support period and penalty are the dimensions of contract that are helpful in synthesising the CA. There are number of contracts that can be synthesised on the basis of support dimensions. Thus, change in any one dimension leads to change in contract structure.
Step 7: Select the feasible alternatives A number of contract structures are available that can be applicable throughout the operating life of the system. As the support player, support activity, penalty clause varies with time, so select the contract structure that is feasible according to the current situation.
Case study
The case study is presented on the basis of an ongoing research work being carried out in collaboration with Burckhardt Compression, which is one of the leading manufacturers of gas compressors in the world. The main products of Burckhardt Compression are Process Gas Compressors, Laby Piston Compressors, Hyper compressors and Standard High pressure Air and Gas compressors.
The present study deals with supportability issues related to the maintenance support provided by Burckhardt to reciprocating type compressors used at automotive compressed natural gas stations. The study focuses on one particular customer of Burckhardt, who owns a chain of gas stations in National Capital Region (NCR). As the OEM is located more than 1,300 km away, it was not possible to start their own maintenance operation unit near the end users. Therefore, the solution was to locate a qualified support provider in a region near the end users with the help of contracts. The company started its business with this customer in 2000. Since 2000, the Burckhardt has installed 70 compressors at various customer sites in NCR, of which nearly 20% are completely owned by the customer under the study, and hence induces a major impact on the customer as well Burckhardt business. Since both Burckhardt and its customer have aggressive plans of expanding their operations (A purchase order of 44 more machines with maintenance support contract has been signed between them) to new locations, the issue of supportability is of extreme importance.
These compressors are expected to run 24 hr a day, and the downtime costs are very high, the customer expects a very high level of availability of the order of 98%. As in any other mechanical system, such high level of availability can be achieved only through extensive maintenance support. As a part of the purchase deal, the customer wanted Burckhardt to take the responsibility of maintenance support through a contract and ensure a minimum service level. The customer requires service level demands at 98% availability of the compressors during a month and also requires that the downtime does not exceed 4 hr at a stretch due to any breakdown. In case this service level is not met, a heavy penalty gets charged to Burckhardt, which is proportional to the downtime. As can be seen, the performance requirement for the maintenance contract is very stringent.
Although Burckhardt agreed for such a contract, a need was felt to identify a TP who could help in execution of the required maintenance. The primary reason for involving a TP maintenance contractor was the location disadvantage since Burckhardt had to monitor and control the maintenance activities from Pune in Maharashtra (≈1,300 km from NCR). Another reason was that a new compressor needed a higher frequency of inspection and PM to ensure its performance in the long run and minimise uneven wear and failure of components. Two contractors were selected on the basis of their technical and infrastructural capabilities. Involving more than one contractor also ensured a competitive environment among them. To begin with, personnel from contractor were given an intensive training in maintenance of compressors and were instructed to strictly adhere to the recommended inspection and PM schedule. Burckhardt in turn signed a maintenance contract with the TP maintenance service providers. This contract indicated that the penalty due to not meeting the service level agreement would be transferred to the TP. This was done to ensure an effective maintenance service from the TP.
The nature of activity distribution for the two contractors is different. In one case, all the support activities DW are managed and carried out by the contractor/TP. The contractor also holds the required spare parts inventory. In the second case, support activities DW are carried out by the contractor, while the inventory is controlled by Burckhardt. However, after the warranty period, the maintenance is taken over by the customer, who buys the spare parts from Burckhardt. These spare parts are stocked in the central warehouse located in NCR and are replenished based on the reorder policies decided by Burckhardt. Since 2000, Burckhardt has handed over 51 machines to the end customer after a warranty period of one year.
The nature of these CAs can be compared with cases CA.5 and CA.6 as given in Table 2 . However, in consultation with the customers, it was observed that they were interested in giving maintenance contract to Burckhardt with their partial involvement. For example, the customer wanted to involve Burckhardt in PM and yearly OHs and also wanted to handle the CM using in-house resources. This would help in getting familiar with the operation and maintenance of the systems so that at a later period, all the maintenance activities could be done in-house.
Due to the experience gained over in last ten years, Burckhardt is also interested in taking support contracts as they serve as a source of revenue. Burckhardt even wants to extend these contracts for the whole life, but in stages like support contract for EW and AW period.
Looking at the situation presented above, it is necessary to have a mechanism to generate and evaluate various CAs with an objective of minimising the costs incurred to various players in the contract and at the same time ensuring the minimum service level performance at the system level. The methodology presented in Section 3 will be helpful to Burckhardt in selecting the CAs for future use.
Analysis from case study
Such maintenance contracts involving multiple players are becoming a common practice in India. Currently, Burckhardt considers maintenance support just as customer support activity that is a part of purchase contract. As Burckhardt's business grows across the country, the role and impact of maintenance contracts will be more significant. Burckhardt has to look at maintenance support contracts as a competitive edge and revenue earning mechanisms rather than just customer support activity. It should also be borne in mind that with different customers and TP contractors, the expectations and nature of contracts would be different and hence it will be a more complex problem to address. Apart from this, it can be expected that the customers will ask for a reduction in maintenance contract price after a period of time. It is so because that the TP contractors are expected to be more familiar with the systems over a period of time, and hence the same system performance could be achieved with a lower maintenance effort. It is therefore necessary to address the design of maintenance support contracts in a systematic and scientific manner to arrive at effective and efficient solutions.
Conclusion
This study presents an approach of analysis of contracts under different SS. A methodology has been developed to evaluate the feasibility of contracts when more than one player is involved in providing a support. Such framework may help OEM, customers and TP to conduct feasibility studies and visualise their positions when contracting for support. It can also be used by companies attempting to develop contract strategies, select TP and manage their relationships. It should also be borne in mind that with different customers and TP contractors, the expectations and nature of contracts would be different, and hence it will be a more complex problem to address. It is therefore necessary to address the design of support contracts in a systematic and scientific manner to arrive at effective and efficient solutions. A framework has been proposed, that will be helpful in selecting SS-based contract. The treatment presented is generic in nature, the insights and methodology developed will be useful in many other similar situations. Further efforts are needed to develop a mathematical model on the basis of contract structure that will be helpful for cost calculations.
